INTRODUCTION
Because of the important role phosphate plays in many body functions and since phosphate absorbed in excess of body needs is excreted mainly by the kidneys, detailed studies of renal excretion of phosphate have been made in dogs and in adult human subjects, especially by Pitts and his coworkers (1) (2) (3) . Mechanisms involved in renal excretion of phosphate in young infants are of interest for additional reasons. The serum phosphate concentration is higher in young infants than in adults and especially so in infants receiving cow's milk of high phosphorus content (4) . This high serum phosphate concentration in young infants has been attributed to a limitation in renal excretion of phosphate (4) (5) (6) (7) and has been implicated as a factor of importance in hypocalcemic tetany of the newborn (8, 9) . In addition, it has been suggested that "the paucity of phosphates in infant urines must be a great handicap to them in excreting acids and may explain many of the accepted facts about their susceptibility to an acidosis" (10) . A limitation in renal excretion of phosphate in young infants is implied as underlying these physiologic consequences. However, the renal mechanisms responsible for such a limitation, if indeed it exists, have not been described. The present investigations were undertaken to examine more completely the renal excretion of phosphate in young infants. 1 This investigation was supported in part by research grants from the National Institutes of Health, Public Health Service, and Playtex Park Research Institute. 2 Presented in part before the Society for Pediatric Research, French Lick, Indiana, May 8, 1950 . 8 
SUBJECTS AND METHODS
Twenty-two series of observations were made on a total of 19 subjects including two normal adults, one premature infant and 16 full-term newborn infants. The clinical diagnosis of neonatal tetany had been made in seven of the infants (TR, AC, EU, EN, MI, GU, and BH) because of hypocalcemia and increased neuromuscular irritability with or without convulsions. In these infants observations were performed prior to the institution of specific therapy. The remaining nine infants were normal newborn infants.
All infants received cow's milk formulas of similar caloric, calcium, and phosphorus content. In addition each received 14,000 units of Vitamin A, 2,500 units of Vitamin D, and 50 mg. of ascorbic acid daily after the sixth neonatal day. Observations were made in the morning at least three hours after feedings, and subjects were fasted throughout experimental periods. Blood specimens were drawn from scalp and peripheral veins into syringes coated with mineral oil. Hemolysis was negligible. Standard technics were used for determination of calcium in serum (11) and phosphorus in serum and urine (12) .
With one exception (FL) in which only endogenous creatinine clearances were done, glomerular filtration rate (GFR) was measured in all observations on infants by the clearance of inulin, using the catheterization technic previously described (13) . In I1 observations, inulin was given by continuous infusion and in seven by single injection. In observations on the two normal adults, urines were obtained by spontaneous voidings.
To determine excretion of phosphate unaffected by experimental procedures (i.e., inulin infusion, parathormone injection, etc.) GFR was estimated by the endogenous creatinine clearance corrected by the creatinine: inulin clearance ratio, measured later in the same observation in all but one instance (FL). The creatinine: inulin clearance ratio is derived from the average value for each of these functions measured simultaneously during the experimental procedure. The validity of this method of estimating GFR in the absence of infusions is attested to by CCZ: CIN mean ratio for the total observations of 1.03 (Table II) .
PROCEDURES
The concentration in serum and rate of urinary excretion of inorganic phosphate was measured simultaneously with estimations of GFR under the following conditions: 357 1) At endogenous serum inorganic phosphate concentration in nine infants and in the two adults. The serum phosphate concentration was below the accepted upper limit of normal, 2.5 mM/L., in five infants, all of whom were normal; it was above this value in four of the infants, three of whom had neonatal tetany, and one of whom was normal.
2 by the mean creatinine:inulin ratio (1.03) determined in observations on the other infants (see Table II ). The values for glomerular filtration rates and The two groups have the same mean value for surendogenous serum phosphate concentrations in 14 face area, 0.24 M2; hence the difference in rate of of the infants are presented in Table II The mean value for inulin clearances in the six infants whose serum phosphate concentrations Since we failed to observe a relationship between were 2.5 mM/L. or less was 7.6 ml./min. com-the rate of tubular reabsorption of phosphate and pared with a value of 6.1 in eight infants with se-endogenous serum phosphate concentration in rum phosphate concentrations above 2.5 mM/L. these infants, the study of the maximal or limiting Figure 1 . All values were corrected to 1.73 M2 for comparison. The linear relationship between increasing rates of filtration and excretion of phosphate defines a limited rate for phosphate reabsorption. The finding of a limited or maximal rate for phosphate reabsorption in these infants is in agreement with the observations of Pitts and Alexander (1) and Harrison and Harrison (14) in adult human subjects and dogs. The maximal rate for phosphate reabsorption at elevated serum phosphate concentrations in these infants receiving cow's milk of high phosphate content did not differ significantly from the rate of reabsorption at their endogenous concentrations of serum phosphate. Since the rate of phosphate reabsorption is apparently independent of rapid increases in serum phosphate, the endogenous value for tubular reabsorption under these circumstances is identical with the physiologic maximal or limiting rate of phosphate reabsorption. of tubular reabsorption. This effect has been disputed by others (18, 19) . These data also confirm the unpublished observations of Crawford, Osborne, Talbot and Terry (20) that in newborn infants, an increased rate of renal phosphate excretion occurs in response to exogenous parathyroid extract.
E. Comparison of renal excretion of phosphate in newborn infants and adults
The finding of Dean and McCance (6) that phosphate clearances are much lower in newborn infants than in adults has been interpreted as evidence of a limitation of the infant's ability to excrete phosphate in comparison with adults. Table  VI shows interesting quantitative differences between infants and normal adults in the mechanisms for renal excretion of inorganic phosphate. Surface area appears to provide the best standard of reference for comparing renal functions in subjects of different sizes (21) . Mean values for rates of filtration, reabsorption, and excretion of phosphate and phosphate clearances corrected to 1.73 M2 observed in the five infants whose endogenous serum phosphate concentrations ranged from 2.1 to 2.5 mM/L. are included in Table VI for six older children and three newborn infants reported by Richmond, Kravitz, Segar and Waisman (7); and for nine infants observed by Dean and McCance (6) ; together with two normal adults studied by the present authors.
It is apparent from Table VI that, on the basis of surface area, newborn infants can excrete phosphate at a higher rate than fasting adults even though glomerular filtration rate in the infants is less than one-half that of adults. In the infants reported here higher rates of excretion are due to higher serum phosphate concentrations and lower rates of tubular reabsorption of phosphate. Phos- 6 Ollayos and Winkler (23) (24, 25) rather than absolute hypoparathyroidism since the fraction of filtered phosphate excreted by infants is higher than that in adults (Table III) and is similar in all infants (Table I) .
Intestinal absorption of phosphate directly affects rate of renal excretion of phosphate as demonstrated by observations made in a single infant before and after a five-day period of reduced intestinal absorption of phosphate. After aluminum hydroxide gel, phosphate practically disappeared from the urine although there was no change in endogenous serum phosphate concentration 5 or glomerular filtration rate. Similarly, the small quantities of phosphate in urines of infants on breast milk may be considered a consequence of the low dietary phosphate intake and high metabolic demand. It is only under such circumstances that a low renal excretion of phosphate would, by reducing the rate of excretion of buffer base (26) , influence the susceptibility of young infants to acidosis. Perhaps of greater interest is the fact that the "ability" of a single infant to excrete a large load of ingested phosphate was markedly decreased due wholly to increased tubular reabsorption following a period of low intake of phosphate. The "ability" of an infant to excrete phosphate is thus markedly influenced by dietary intake of phosphate as well as by the degree of "maturity" of renal function.
It is difficult to attempt to compare infants with adults in respect to their "ability" to excrete phosphate. Under The concentration in serum and the rate of urinary excretion of inorganic phosphate were measured simultaneously with estimations of glomerular filtration rate in 17 infants and in two adults. The newborn infants included two groups defined by the presence of a normal or elevated endogenous serum phosphate concentration. Seven of the infants in the latter group had neonatal tetany.
Observations were made under one or more of the following conditions: 1) at endogenous concentrations of serum phosphate; 2) at elevated concentrations of serum phosphate resulting from oral ingestion of phosphate; 3) before and after a period of decreased intestinal absorption of phosphates achieved by ingestion of aluminum hydroxide gel; and 4) before and after the intravenous administration of parathyroid extract.
The observations are interpreted as indicating that: 1) differences in serum phosphate concentrations in normal infants on similar diets may reflect differences in rates of glomerular filtration but cannot be related to differences in rates of renal excretion or tubular reabsorption of phosphate;
2) insofar as the rate of phosphate reabsorption is a measure of parathyroid activity, differences in endogenous parathyroid activity do not account for differences in serum phosphate concentrations in these infants; 3) a maximal rate of tubular reabsorption of phosphate can be demonstrated in young infants, and infants on cow's milk are reabsorbing phosphate at this maximal rate; 4) changes in this maximal rate of tubular reabsorption of phosphate may be evoked by changes in intestinal absorption of phosphate; 5) the renal response of young infants to parathyroid extract given intravenously is similar to that of adults; and 6) although infants receiving cow's milk can excrete phosphate at a higher rate per unit surface area than fasting adults, so many non-renal factors influence the rate of renal phosphate excretion that comparisons between infants and adults do not afford a measure of their comparative renal "ability" to excrete phosphate.
